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IMAGE PICKUP DEVICE 

warTCCTOUN n of the TNVKNTIQN 

1. Field of the Invention 

The present invention relates to an image pickup device 
comprising an image pickup element and a lens for focusing an 
image onto the imaging face of the image pickup element. 

2. Description of the Related Art 

Recently, an image pickup device comprising a solid-state 
image pickup element and a lens for focusing an image onto the 
imaging face thereof has been applied to a camera. An optical 
lens having uniform refractive index is used as a lens for such 
an image pickup device as described above. 

In the image pickup device using the lens having uniform 

refractive index, an optical distance which is extremely large 

although it is finite is required between the lens and the 

solid-state image pickup element in order to converge and focus 

/image/^jefracted light beams onto the imaging face of the 

solid-state image pickup element. Accordingly, the sum of the 

thickness of the lens and the imaging distance is needed as the 

i.e.. , 

optical distance between a first face (jthe face at the light 
incident side) of the lens and the imaging face of the 
solid-state image pickup element. 

In the conventional image pickup device as described above, 
since the total of the lens thickness and the imaging distance 
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is needed as the optical distance between the lens first face 
'(the incident-side face) and the imaging face of the solid- 
state linage pickup element, and thus it is very difficult to 
shorten the overall length of the optical system. Therefore, 
requirements of compact design for the image pickup device and 
the camera using it have never been satisfied. 

According to the above-described conventional image 
pickup device, when a lens holder is used to secure a lens so 
as to be spaced from the image pickup element at a proper interval 
while a predetermined positional relationship is kept between 
the lens and the image pickup element, an error of the positional 
relationship between the lens and the lens holder and an error 
of the positional relationship between the lens holder and the 
solid-state image pickup element may occur as a fabrication 
error, and thus it is difficult to reduce the error. 

pTT f/iMRKV r>v THR TNVF.NTIQN 
The present invention has been implemented to overcome the 
problem of the conventional image pickup device, and has an 
object to more shorten the overall length of an image pickup 
device comprising a lens and an image pickup element, and reduce 
the error of the positional relationship between the lens and 
the image pickup element. 

in order to attain the above object, an image pickup device 
according to the present invention is characterized in that a 
refractive index distribution lens having a refractive index 
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distribution which is substantially proportional to the square 
of the distance from the optical axis in a cross-section 
vertical to the optical axis is provided as an imaging lens in 
the neighborhood of the imaging face of the image pickup 
element. 

According to the image pickup device of the present 
invention, since the refractive index lens is used as the lens, 
an image at infinity which is incident as parallel rays of light 
from the end face of the lens incident side is imaged on the 
end face of the lens emission side when the length (thickness) 
of the lens is set to a meandering period P = 0.5ji + mt (n = 
0, 1, 2, . . . ) . Accordingly, the image is imaged on the imaging 
face of the image pickup element located in the neighborhood 
of the end face of the lens emission side, and thus it is 
unnecessary to set a large gap between the lens and the image 
pickup element. Therefore, the length of the optical system 
can be reduced, and the design of the image pickup device can 
be improved to be more compact in size and thinner in thickness. 

Further, the lens can be provided in the neighborhood of 
the image pickup element, and thus the positional relationship 
between the image pickup element and the lens can be fixed by 
adhesion with organic solvent or the like, whereby an error 
factor causing the positional error of the lens to the image 
pickup element can be reduced and thus the positioning precision 
can be enhanced. 
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The image pickup device of the present invention is 
basically characterized in that a refractive index distribution 
lens having a refractive index distribution which is 
substantially proportional to the square of the distance from 
the optical axis in cross-section vertical to the optical axis 
is provided as an imaging lens in the neighborhood of the imaging 
face of an image pickup element. The lens length is preferably 
set to a meandering period P = 0.5ji + roc (n = 0, 1, 2, ...). 
Particularly, it is preferable that the lens length is as small 
as possible (for example, zero) because the lens length can be 
shortened. 

The image pickup device of the present invention can be 
embodied in such a manner that the refractive index distribution 
lens and the image pickup element are held by a holder to regulate 
the positional relationship between the refractive index 
distribution lens and the image pickup element. However, it 
may be embodied in such a manner that the refractive index 
distribution lens is directly adhesively attached to the image 
pickup element, in this case, the positional relationship 
between the refractive index distribution lens and the image 
pickup element can be controlled with extremely high precision 
if material which has no adverse effect on the lens and the image 
pickup element is merely selected as^adhesive agent. 

Further, an optical thin film for reflecting infrared rays 
may be provided at the light incident face of the refractive 
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index distribution lens, or absorption means for absorbing 
infrared rays may be provided at the light incident face side 
of the refractive index distribution lens . With this structure , 
the infrared rays can be intercepted. 

Further , a lens which is provided with a curvature at one 
end face side or both the end face sides thereof may be used 
as the refractive index distribution lens. In this case, the 
optical characteristic based on the refractive index 
distribution is varied by the curvature , and the combined 
lit optical characteristic of the optical characteristic based on 

m the refractive index distribution and the optical 

m characteristic based on the curvature becomes the optical 

*~~ characteristic of the lens. As described above , the present 

y invention has various modes . 

jb& The "image pickup element" of the present invention means 

*& any member which can receive an image of rays of light from a 

subject and output the electrical signal corresponding to the 
image, such as a CCD (charge-coupled device), a CMOS image 
sensor or the like. 

BRTEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross -sectional view showing an embodiment of 
an image pickup device according to the present invention; 

Fig. 2 is a diagram showing the relationship between 
-f\ spatial frequency and modulation of^UTl) of the optical 

characteristic obtained by the image pickup device of the 
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present invention; 

Fig, 3 is a diagram showing the relationship between 
defocusing position and modulation of MTF of the optical 
characteristic obtained by the image pickup device of the 
present invention; 

Fig. 4 is a cross-sectional view showing another 
embodiment of the image pickup device of the present invention; 
and 

Figs. 5A to 5C are cross-sectional views showing various 
modifications of a refractive index distribution lens of the 
image pickup device according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A preferred embodiment according to the present invention 
will be described hereunder with reference to the accompanying 
drawings . 

Fig. 1 is a cross -sectional view showing an embodiment of 

an image pickup device according to the present invention. 

In Fig. 1, reference numeral 1 represents a refractive 

T 

index distribution lens^and.j£he refractive index distribution 
lens 1 is designed in a cylindrical shape and has a refractive 
index distribution which is substantially proportional to the 
square of the distance from an optical axis 2 in a cross-section 
vertical to the optical axis 2. The refractive index 
distribution lens 1 adheres to an imaging face 5 of a solid-state 
image pickup element 4 at the end face of the light emission 
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side thereof by thin and transparent adhesive agent 3 formed 
of organic solvent. Reference numeral 6 represents an 
infrared-ray cut filter film formed on the light incident face 
of the refractive index distribution lens 1, and the filter 6 
is formed by deposition and serves to reflect infrared rays. 

The^ength Z of the refractive index distribution lens 1 
(.l ono length) is expressed by the following equation when the 
refractive index distribution constant V" A = 0.43, the 
'2 refractive index N on the optical axis (different from "n" in 

}|! the equation expressing the meandering period P) = 1.658 and 

|J the meandering period P = 0.5jt (i.e., for n = 0 in the equation 

g of the meandering period P) : 

q Z = meandering period P/refractive index distribution constant 

M = (0.5jt)//"A = 3.653mm. 

€f In this case, the calculation is made under the condition 

that the thickness of the adhesive agent 3 is neglected, the 
emission-side end face of the refractive index distribution 
lens 1 is brought into direct contact with the imaging face and 
the existence of the infrared-rays cut filter 6 (thickness, 
characteristic ) is neglected . In the above equation , A 
represents a focusing parameter. The lens diameter is set to 
1 . 8mm, and thus the refractive index distribution lens 1 of this 
embodiment is optimum to a 1/10-inch image pickup element 4. 
This is because the length of the diagonal line of the 1/10-inch 
image pickup element 4 is equal to 1.8mm. That is, such a lens 



- 7 - 



1 is provided on a 1/10-inch image pickup element 4 to obtain 
an image of a diagonal view angle of 100 degrees. In addition, 
an infrared-ray image can be removed from the image thus 
obtained because the infrared-ray cut filter 6 is provided. 

In Fig. 1, the on-axis optical path and the peripheral path 
are shown. Light beams on the on-axis optical path travel in 
parallel to the optical axis 2 of the lens 1 and are incident 
to the refractive index distribution lens 1 . The incident light 
« beams on the on-axis optical path are converged onto the end 

y; face of the emission side of the lens 1 or to a cross-point 

between the optical axis and the on-axis optical path behind 
the emission-side end face of the lens 1. 
15 Figs. 2 and 3 sho^MJF (modulation transfer factor) of the 

lyj 

M, optical characteristic obtained at this time. In Fig. 2, the 

Iq abscissa represents spatial frequency (cycle/mm) and the 

~ ordinate represents modulation, and in Fig. 3, the abscissa 

fa 

^ represents^ef ocusing position (mm) and the ordinate represents 

modulation. 

The above-described image pickup device is an embodiment 
of the present invention, and the present invention may be 
embodied in various modes . First , in order to cut infrared rays , 
infrared rays may be reflected by an infrared-ray cut filter 
film 6, or an optical element 7 for absorbing infrared rays may 
be provided at the light incident face side of the refractive 
index distribution lens 1 to cut infrared rays as shown in Fig. 
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As shown in Figs. 5A to 5C f a lens provided with curvature 
at both or one of the light incident face and the light emission 
face thereof (as indicated by reference numerals la, lb, lc in 
Figs. 5A to 5C) may be used as the refractive index distribution 
lens 1 . 

In this case, the combined optical characteristic of the 
optical characteristic based on the refractive index 
distribution and the optical characteristic based on the 
curvature becomes the characteristic of the refractive index 
distribution lens 1. That is, one or both of the end faces 



provided with curvature, the lens effect can be also obtained 
by the curvature. Accordingly, the same lens effect can be 
achieved with a thinner refractive index distribution lens by 
the total effect of the lens effect based on the refractive index 
distribution and the lens effect based on the curvature. 



pickup device can be achieved. 

According to the image pickup device of the first aspect 
of the present invention, a single refractive index 
distribution lens having a refractive index distribution which 
is substantially proportional to the square of the distance from 
the optical axis in a cross-section vertical to the optical axis 
is used as an imaging lens, so that an image at infinity which 
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of the refractive index distribution lens is 



Accordingly, the more compact and thinner design of the image 
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is incident from a lens incident-side end face as parallel rays 

^ of light are imaged^f° cused / on the end face of the 1:L 9 ht 

emission side of the lens. Accordingly, the imaging face of 
the image pickup element can be positioned in the neighborhood 
of the refractive index distribution lens, and it is unnecessary 
to provide a gap between the lens and the image pickup element. 
Accordingly, the length of the optical system can be shortened, 
and the miniaturization of the image pickup device can be 
Q achieved. 

Ill Further, according to the image pickup device of the second 

l £J aspect of the present invention, the refractive index 

2 distribution lens is adhesively attached in the neighborhood 

^ ;L of the imaging face of the image pickup element b^acjhesive agent , 

fl whereby the error factor in association with the positioning 

% between the refractive index lens and the image pickup element 

^ is reduced and thus the positioning can be performed with 

extremely high precision. 

According to the image pickup device of the third aspect 
of the present invention, the optical thin film for reflecting 
infrared rays is provided to the light incident face of the 
refractive index distribution lens , whereby infrared rays which 
are. about to enter ^to the lens are reflected by the thin film 
to thereby prevent incidence of infrared rays into the image 
pickup element. 

According to the image pickup device of the fourth aspect 
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of the present invention, the optical element for absorbing 
infrared rays is provided to the light incident face side of 

the refractive index distribution lens, whereby infrared rays 

Arc qr<^ 
which^g about to enter the lenses absorbed by the element to 

thereby prevent incidence of infrared rays into the image pickup 

element. 

According to the image pickup device of the fifth aspect 

or 

of the present invention, one or both of the end f ace^surf aces^J 
of the refractive index distribution lens is provided with 
curvature, and thus the lens effect can be also obtained by the 
curvature. Accordingly, the same lens effect can be obtained 
with a thinner refractive index distribution lens by the total 
effect of the lens effect based on the refractive index 
distribution and the lens effect based on the curvature. 
Accordingly, the more compact and thinner design can be 
performed on the image pickup device. 



